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/HDUQLQJRXWFRPHVDUHDSDUWRIFRQWHPSRUDU\QRUPV
RI KLJKHU HGXFDWLRQ V\VWHP ,PSOLFLW \HW UHJXODUO\
XWLOLVHG FKDUDFWHULVWLF RI OHDUQLQJ RXWFRPHV LV WKHLU
DVVXPHG UDWKHU ORQJ DSSOLFDELOLW\ +DYLQJ LQ PLQG D
QXPEHU RI HPHUJLQJ TXDOLWDWLYH FKDQJHV LQ PRGHUQ
ZRUOG LQ JHQHUDO WKXV WKH KLJKHU HGXFDWLRQ V\VWHP LQ
SDUWLFXODU RQH PD\ DUJXH WKDW HYHQ SUHVHUYLQJ WKH
HVWDEOLVKHGOHDUQLQJRXWFRPHVLVE\QRPHDQVWULYLDO
7KLVDUWLFOHGLVFXVVHVIDFWRUVFRQWULEXWLQJWROLIHVSDQ
RIHVWDEOLVKHGVHWRIOHDUQLQJRXWFRPHV:LWKLQWKHVHWRI
VXFKIDFWRUVZHH[WUDFWD VXEVHWFRQWDLQLQJIDFWRUVZLWK
VLJQLILFDQW SRWHQWLDO IRU H[WHQGLQJ WKH OLIHVSDQ RI
HVWDEOLVKHGOHDUQLQJRXWFRPHV
.H\ZRUGV
OHDUQLQJ RXWFRPHV OLIHVSDQ OLIHF\FOH KLJKHU
HGXFDWLRQ
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:HOO VWUXFWXUHG KLJKHU HGXFDWLRQ V\VWHP LQFOXGHV D
VHWRIPHDVXUHVWKDWFRQWULEXWHVWRWKHSUHVHUYDWLRQRIWKH
V\VWHP¶V VWUXFWXUH DQG WR WKH SURSHU FRQGXFWLRQ RI LWV
SURFHVVHVLQG\QDPLFUDWKHUXQSUHGLFWDEOHHQYLURQPHQW
,QRUGHUWRPDNHSRVVLEOHKXPDQLQWHUYHQWLRQLQWRWKH
HGXFDWLRQSURFHVVWKXVWRPDNHSRVVLEOHHVWDEOLVKLQJRI
WKHHGXFDWLRQV\VWHPWKHHQYLURQPHQW LVSURMHFWHGRQWR
WKH VHW RI VFDOHV ZLWK D GHILQLWH UDQJH RI WKHUHE\
LQWURGXFHGYDULDEOHVDQGDGHILQLWHUDQJHRIWKHLURSWLPDO
YDOXHV 2SHUDWLRQDOO\ D VRFLHW\ HVWDEOLVKHV HGXFDWLRQ
V\VWHPLQRUGHU WRFRQWULEXWH WR LWV ODWHQF\DQGSRVVLEOH
GHYHORSPHQW ZLWKLQ WKH JLYHQ VRFLHWDO DQG QDWXUDO
HQYLURQPHQW $V ZDV SUHYLRXVO\ VWDWHG ³IRU  FOHDU
EHQHILWWRDOOFLWL]HQVHFRQRP\DQGWKHHQWLUHVRFLHW\LQ
D FRXQWU\ LW LV FUXFLDO WR XQGHUVWDQG DOO FRPSRQHQWV RI
TXDOLILFDWLRQV VXFK DV OHDUQLQJ RXWFRPHV XQLWV RI
OHDUQLQJ RXWFRPHV DQG PRGXOHV DQG WR DQDO\VH D
PLQLPDOVHWRIWKHLUEDVLFPHDVXUDEOHSURSHUWLHV´>@
%HFDXVH RI HQYLURQPHQW G\QDPLFV RI DOO WKH
LQWURGXFHG VHW RI VFDOHV DQG RI RWKHU QRWLRQV UHODWHG WR
SRVLWLRQLQJWKHVRFLHW\ZLWKLQWKHHQYLURQPHQWRQHPD\
DUJXH WKDW DW OHDVW D SDUW RI VXFK D G\QDPLFV LV SUHVHQW
DQGPDQLIHVWZLWKLQ WKH HGXFDWLRQ V\VWHP DQG LWV SDUWV
7KDWVLWXDWLRQLVUHJXODUO\HQFRXQWHUHGLQDQDO\VHVRIWKH
PHDQLQJ RI D WHFKQRORJ\ ZLWKLQ LWV FRQWHPSRUDU\
WHFKQLFDO V\VWHPRQ WKH RQHKDQG DQGRI DQ LQVWLWXWLRQ
ZLWKLQ LWV FRQWHPSRUDU\ VRFLHWDO V\VWHP<HW SURFHVVHV
EULQLQJDERXWDOLJQPHQWRIWKHWHFKQRORJLHVDQGVRFLHWDO
QHHGV ZLWK XQGHUVWRRG HQYLURQPHQW G\QDPLFV KDYH
DFFRPSDQLHGFRVWVDQGDYDULHW\RIUHVRXUFHVLQYROYHG,W
LV RSSRUWXQH WR WU\ WR RSWLPLVH WKHVH FRVWV +RZHYHU
PDQ\ RI WKH FKDQJHV LQ KLJKHU HGXFDWLRQ V\VWHP DUH
XQLTXH LQ WLPH DQG SODFH DQG SDUWLDOO\ WKHLU
FRQVHTXHQFHV DUH REVHUYHG RQO\ a posteriori DIWHU WKH
LQWURGXFWLRQ RI WKH FKDQJHV LQ WKH UHJXODU SUDFWLFH
0RGHOOLQJRIHGXFDWLRQV\VWHPRUVRPHRILWVSDUWVLVD
PHWKRGRORJ\ XVHIXO LQ H[WUDFWLQJ WKH PRVW SUREDEOH
FRQVHTXHQFHV RI LWV SURSRVHG PRGLILFDWLRQV SULRU WR
LPSOHPHQWDWLRQRIPRGLILFDWLRQV
7KLVDUWLFOHKDVWZRIROGFKDUDFWHU)LUVWLWUHVHDUFKHV
WKH OHDUQLQJ RXWFRPHV DQ H[WUDFWHG WRRO RI D JHQHUDO
HGXFDWLRQ V\VWHP ,Q SDUWLFXODU WKH DUWLFOH LQWHUSUHWV
OHDUQLQJ RXWFRPHV DV D WHFKQRORJ\ SURGXFW ZLWK D
VSDWLDOO\ WHPSRUDOO\ DQG GLVFLSOLQDU\ GHWHUPLQHG VFRSH
DQGRWKHUDWWULEXWHV7KHIRFXVLVSXWRQWRWKHOLIHVSDQRI
HVWDEOLVKHG OHDUQLQJ RXWFRPHV DV H[WHQGHG OLIHVSDQ
PDUNVRSWLPDOLQYROYHPHQWRIFRVWVDQGRWKHUUHVRXUFHV
DWWULEXWHGIRUSUHYLRXVO\VWDWHGDOLJQPHQW%DVHGRQWKDW
LQWHUSUHWDWLRQ WKH DUWLFOH SURYLGHV WKH UHDGHUV ZLWK
JXLGHOLQHV IRU HVWDEOLVKLQJ IXUWKHU OHDUQLQJRXWFRPHV DV
ZHOODVIRUWKHXVHRIOHDUQLQJRXWFRPHVEDVHGRQDPRUH
WKRURXJKLQWHUSUHWDWLRQRIWKHFRQWH[W,WLVRXURQJRLQJ
UHVHDUFK >@ WR GHPRQVWUDWH WKDW VXFK DQ DSSURDFKZLOO
FRQWULEXWH WR OHVVHQLQJ LGHDOO\ WR FHDVLQJ RI VRPH
FKDOOHQJHV RI HGXFDWLRQ V\VWHPV VXFK DV WKH RIWHQ
XQGHUHVWLPDWHG GHYHORSPHQW RI JXLGHOLQHV WRROV DQG
KDQGERRNV RU D GDQJHU RI EDG DVVHVVPHQW SUDFWLFHV
RYHUGHILQLQJDVVHVVPHQWVRURWKHUFKDOOHQJHV>@
6HFRQGO\ WKH DUWLFOH GHVFULEHV PRGHO RI D SDUW RI
HGXFDWLRQV\VWHPIRFXVHGRQWROHDUQLQJRXWFRPHVZKLFK
ZLOOVHUYHDVDVWDUWLQJSRLQWIRUVLPXODWLRQVRISRVVLEOH
IXWXUH PRGLILFDWLRQV UDQJLQJ IURP PLQXWH WR WKRURXJK
FKDQJHV 7KH IRFXV UHJDUGLQJ WKDW SRLQW LV WR IRUPDOO\
H[SUHVV WKH FRQWH[W DQG UHJXODU G\QDPLFV RI OHDUQLQJ
RXWFRPHV
5HJDUGLQJILUVWSRLQWWKHDUWLFOHFRQWLQXHVUHVHDUFKHV
RI HQJLQHHULQJ HGXFDWLRQ > @ 5HJDUGLQJ WKH VHFRQG
SRLQW WKH DUWLFOH EURDGHQV WKH VFRSH RIPRGHOOLQJ RI D
SDUWRIKLJKHUHGXFDWLRQLQVWLWXWLRQV>@6WLOOWKHSDUWRI
WKH PRGHOOLQJ SUHVHQWHG KHUH LV IRFXVHG RQWR WKH
HGXFDWLRQSURFHVVDQG LWV OLQNVZLWKH[WUDFWHG VHJPHQWV
RI HQYLURQPHQW VXFK DVPDUNHW >@ NQRZOHGJH VRFLHW\
>@ RU LQWHUQDWLRQDO GLUHFWLYHV >@ DUH OHIW IRU IXUWKHU
GHYHORSPHQW
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%DFKHORU0DVWHUDQG
'RFWRUDOVWXG\SURJUDPPHVEDVHGRQOHDUQLQJRXWFRPHV

,Q VHFWLRQ WZR WKH EDVLFV RI SURGXFW OLIHF\FOH
PDQDJHPHQW DQG DQDO\VLV DUH JLYHQ ,Q VHFWLRQ WKUHH
WKHVH EDVLFV DUH DSSOLHG RQWR WKH DQDO\VLV RI OHDUQLQJ
RXWFRPHV 6HFWLRQ IRXU FRQFOXGHV WKH DUWLFOH ZLWK
JXLGHOLQHVIRUSUDFWLWLRQHUV
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3URGXFW OLIHF\FOH LV D VHW RI SURFHVVHV GHVFULELQJ
SRVVLEOHVWDJHVRIVRPHSURGXFW7KHVWDJHVRIDSURGXFW
ZLWKLQ LWV OLIHF\FOH DUH LQWURGXFWLRQ JURZWK PDWXULW\
DQG GHFOLQH >@ 7KH UHODWLYH RUGHU DQG GXUDWLRQ RI WKH
VWDJHV DUH YDULDEOH (DFK VWDJH LV FRQGXFWHG XVXDOO\
ZLWKLQ WKH VDPH HQYLURQPHQW KRZHYHU IRU WKHLU
FRQGXFWLRQ WKH LPSDFW RQWR DSSURSULDWH VWDNHKROGHUV LV
QHHGHG>@,QWURGXFWLRQLVUHODWHGWRLQLWLDOSURYLGLQJWKH
VRFLHW\ ZLWK WKH SURGXFW 8VXDOO\ PDUNHW VHUYHV DV
VSHFLILFDWLRQRI WKHSDUWRI VRFLHW\EURDGHQHGZLWKQHZ
SURGXFW *URZWK SKDVH LQFRUSRUDWHV LQWHQVH ULVH LQ
VRFLHWDOGHPDQGIRUWKHSURGXFW7KLUGVWDJHPDWXULW\LV
WKH LQWHUYDO GXULQJ ZKLFK WKH VRFLHWDO GHPDQG IRU WKH
SURGXFWFKDQJHVQRQVLJQLILFDQWO\/DVWVWDJHLVGHFOLQH
WKH VWDJH FKDUDFWHULVHG E\ WKH FHDVLQJ GHPDQG IRU WKH
SURGXFW 7KDW LV D VLPSOLILHG GHVFULSWLRQ GHVFULELQJ
JHQHUDO WUHQGVRIVRFLHW\WRZDUGWKHSURGXFWDQGLW LV WR
EH H[SHFWHG WKDW VWDJHV LQ D GHWDLOHG DQDO\VLV UHYHDO
IOXFWXDWLRQVLQWKHVRFLHWDOGHPDQGIRUWKHSURGXFW
/HWXVDSSO\VWDWHGVWDJHVRQWROHDUQLQJRXWFRPHV,Q
WKHFRQWH[WRIKLJKHUHGXFDWLRQLQWURGXFWLRQRIHGXFDWLRQ
EDVHGRQRXWFRPHVLVGRQHRQFHE\GHFLVLRQPDNHUVVXFK
DV DUH JRYHUQPHQWDO ERGLHV RU PDQDJHPHQWV RI KLJKHU
HGXFDWLRQ LQVWLWXWLRQV 7KDW LV LQWURGXFWLRQ RI QHZ
WHFKQRORJ\,QWURGXFWLRQRILWVSURGXFWVVXFKDVOHDUQLQJ
REMHFWLYHVLVFRQGXFWHGE\SURIHVVRUVHLWKHULQGLYLGXDOO\
RUZLWKLQIDFXOWLHV3DUWRIWKHVRFLHW\WRZKLFKDSURGXFW
LV LQWURGXFHG FRQVLVWV RI SURIHVVRUV DQG VWXGHQWV
*URZWK WKH VHFRQG VWDJH LPSOLHV FRPSOHWH
UHIRUPXODWLRQV RI WKH FXUULFXOD WKURXJKRXW OHYHOV 7KDW
VWDJH LV FRQGXFWHG SUHYDOHQWO\ E\ SURIHVVRUV 6WDJH
JURZWKLVFKDUDFWHULVHGZLWKDYDULHW\RIDWWLWXGHVWRZDUG
QHZO\ LPSOHPHQWHGPHWKRGV DQG WHFKQLTXHV VXFK DV LV
DFWLYH OHDUQLQJ >@ 7KLUG VWDJH GHQRWHV KLJKHU
HGXFDWLRQ DV D IXOO\ GHYHORSHG HGXFDWLRQ EDVHG RQ
OHDUQLQJ RXWFRPHV 'XULQJ WKDW VWDJH SURVSHFWLYH DQG
QHZO\HQUROOHGVWXGHQWVIRUPXODWHWKHLUYLVLRQRIFODVVHV
EDVHG RQ OHDUQLQJ RXWFRPHV OHFWXUHV DQG WHVWV DUH
DOLJQHGZLWKRXWFRPHVHWF)RXUWKVWDJHRFFXUVZKHQD
SDUWLFXODU OHDUQLQJ RXWFRPH LV GHFODUHG REVROHWH RU
RWKHUZLVH XQVXLWDEOH 2QHPD\ DUJXH WKDW LQ D W\SLFDO
KLJKHU HGXFDWLRQ LQVWLWXWLRQ VWDJHV RI LQWURGXFWLRQ
JURZWK DQG GHFOLQH DUH RI FRQVWDQW GXUDWLRQ ZKLFK LV
LQGHSHQGHQW RI D SDUWLFXODU LQVWLWXWLRQ 6WDJH PDWXULW\
ODVWV DV ORQJ DV WKHUH LV QR VLJQLILFDQW GLVFUHSDQF\
EHWZHHQDJLYHQOHDUQLQJRXWFRPHDQGOHDUQLQJRXWFRPH
DVVXPHGE\SURIHVVRUVWREHRSWLPDO
+LJKHU HGXFDWLRQ V\VWHP LV D FRPSOH[ DGDSWLYH
V\VWHP 7KH IRUFHV UHTXLULQJ LWV DGDSWDWLRQ DUHZLWKLQ
WKH KLJKHU HGXFDWLRQ UHSUHVHQWHG DV LQGXVWU\ DQG
JRYHUQPHQW>@,QGXVWU\LVWKHORFXVRISURGXFWLRQ
JRYHUQPHQW LV WKH JXDUDQWHH RI VWDELOLW\ ZKLOH KLJKHU
HGXFDWLRQ LV D VRXUFH RI QHZ NQRZOHGJH DQG
WHFKQRORJLHV
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,QWKHFRQWH[WRIKLJKHUHGXFDWLRQOHDUQLQJRXWFRPHV
DUH VWDWHPHQWV DERXW YHULILDEOH VLJQLILFDQW DQG HVVHQWLDO
OHDUQLQJWKDWVWXGHQWVKDYHDFKLHYHG>@7KHSRVVLELOLW\
RIYHULILFDWLRQWKURXJKVWXGHQWV¶GHPRQVWUDWLRQLVFUXFLDO
IRU OHDUQLQJ RXWFRPHV >@ $V VXFK WKH\ DUH
FRUQHUVWRQHVRIWKH2XWFRPHVEDVHGHGXFDWLRQZKLFKLV
D UHVWUXFWXULQJ RI FXUULFXOXP DVVHVVPHQW DQG UHSRUWLQJ
SUDFWLFHV LQ HGXFDWLRQ DQG ZKLFK UHIOHFWV WKH
DFKLHYHPHQW RI KLJK RUGHU OHDUQLQJ DQG PDVWHU\ UDWKHU
WKDQWKHDFFXPXODWLRQRIFRXUVHFUHGLWV´>@5HJDUGLQJ
YHULILFDWLRQ 'åHODOLMD DQG %DONRYLü VWDWH WKDW ³7KH
SURYHQ XVDJH UHIHUV WR WKH FRQGLWLRQV LQ ZKLFK WKH
NQRZOHGJH DQG VNLOOV DUH XVHG LQFOXGLQJ WKH VSDWLDO
WHPSRUDO DQG RWKHU FRQGLWLRQV´ >@ +RZHYHU VRPH
DXWKRUV FRQVLGHU OHDUQLQJ RXWFRPHV WR EH QRQ
PHDVXUDEOH EXW XQLTXHO\ UHODWHG WR PHDVXUDEOH QRWLRQV
VXFK DV SHUIRUPDQFH LQGLFDWRUV /HDUQLQJ RXWFRPHV DUH
GLYLGHG LQWR H[LW SURJUDPPH DQG VSHFLILF RU FRXUVH
RXWFRPHV 7KH VSHFLILF FRXUVH RXWFRPHV DUH RI WKH
QDUURZHVWVFRSHDPRQJOLVWHGW\SHV7KHXQLWVIRUPLQJD
OHDUQLQJRXWFRPHVWKHYHU\VHWRIVWDWHPHQWVZKLFKIRUP
DSDUWLFXODUOHDUQLQJRXWFRPHDUHHOVHZKHUHGHILQHG>@
)RU VLPSOLFLW\ RI SUHVHQWDWLRQ KHUH ZH DVVXPH WKDW
OHDUQLQJ RXWFRPH LV XQLTXHO\ UHODWHG WR D ZHOOGHILQHG
FKDQJHLQOHDUQHUV¶DFKLHYHPHQWV
5HIRUPXODWLQJ WKH KLJKHU HGXFDWLRQ VR WKDW LW
EHFRPHVEDVHGRQOHDUQLQJRXWFRPHVLVDQH[DPSOHRID
WHFKQRORJ\ GHYHORSPHQW 7KHUHIRUH DFWLYLWLHV EULQLQJ
DERXW WKH FKDUDFWHULVWLFV RI OHDUQLQJ RXWFRPHV RI
VWDWHPHQWVDERXWFRPSHWHQFHVDQGRIRWKHUDFFRPSDQLHG
VWDWHPHQWV FDQ DOO EH LQWHUSUHWHG DV SURGXFWV RI D
WHFKQRORJ\ KDYLQJ WKHLU RZQ OLIHF\FOHV 6SHFLILFDOO\ D
IRUPXODWHG OHDUQLQJRXWFRPHLVDSURGXFWZHZLOO IRFXV
RQWRGHYHORSHGZLWKLQDJLYHQWHFKQRORJ\
,WLVRILQWHUHVWWRDQDO\VHJHQHUDOFKDUDFWHULVWLFVRID
OHDUQLQJRXWFRPH¶VOLIHF\FOH7KHDQDO\VLVKDVVWDWLFDQG
G\QDPLFSDUW6WDWLFSDUWLQFOXGHVGHVFULELQJWKHFRQWH[W
ZKLOH G\QDPLF SDUW DQDO\VHV LQWHUSOD\ DQG GXUDWLRQ RI
SURGXFWOLIHF\FOHVWDJHV
7KH PRGHO LV GHYHORSHG ZLWK WKH IROORZLQJ
DVVXPSWLRQVDERXWKLJKHUHGXFDWLRQV\VWHP
x LW LV VXIILFLHQWO\ GHYHORSHG WKDW LWV SUHYDOHQW
G\QDPLFV LV UHDOLVHG WKURXJK JUDGXDO FKDQJHV
PRGLILFDWLRQVRIHVWDEOLVKHGPHDVXUHV
x HQFRXQWHUHG YDULDELOLWLHV RI FKDUDFWHULVWLFV DUH
QRUPDOO\GLVWULEXWHG
x IRU HDFK DQG HYHU\ FODVV YDULDELOLWLHV RI LQLWLDO
DFKLHYHPHQWV RI HQUROOHG VWXGHQWV QHJOLJLEO\
LQIOXHQFHYDULDELOLWLHVRIWKHLUILQDODFKLHYHPHQWV

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
,QFDVHRIDFRQWHPSRUDU\&URDWLDQKLJKHUHGXFDWLRQ
UHVWULFWLRQV LPSRVHG E\ VWDWHG DVVXPSWLRQV DUH WKH
KLJKHVWIRUILUVWRQHDQGVPDOOHVWIRUWKHWKLUGRQH7KLV
LVDFRQVHTXHQFHRIUHFHQWUHIRUPRIDKLJKHUHGXFDWLRQ
ZKLFK LV ZK\ FXUUHQWO\ WKHUH VLPXOWDQHRXVO\ H[LVW
GLIIHUHQWV\VWHPV>@
,Q D VWDWLF DQDO\VLV ZH VWDUW ZLWK GHVFULSWLRQ RI
IXQFWLRQLQJRIDRQHKLJKHUHGXFDWLRQFRXUVHRWKHUZLVH
XQVSHFLILHG ,Q D JLYHQ WHUP WKHUH LV D JURXS RI K
VWXGHQWV HQUROOHG WR WKDW FODVV /HW YHFWRU xL GHQRWHV
DFKLHYHPHQWVRIDVWXGHQWL
T
Niiii xxx   x  
ZKHUHDFRPSRQHQWxL M LVDPHDVXUHRIDFKLHYHPHQW
RIWKHLWKVWXGHQWi KLQWKHMWKFRPSRQHQWj
   N1XPEHU RI YHFWRU¶V FRPSRQHQWVN GHQRWHV
QXPEHU RI PHDVXUHG DFKLHYHPHQWV (DFK FRPSRQHQW
UHIHUV WR LWK VWXGHQW UHVXOW LQ VRPH UHOHYDQW WKXV
GHYHORSHGEHFDXVHRIWKHHGXFDWLRQV\VWHPDQGWHVWHGLQ
D SURSHU ZD\ >@ FDWHJRU\ VXFK DV NQRZOHGJH VNLOOV
DQGDWWLWXGHV7KHGHWDLOVRIEDVLVRILQWURGXFHGYHFWRULDO
UHSUHVHQWDWLRQLVLQGHWDLOVGHVFULEHGHOVHZKHUH>@
+LJKHU HGXFDWLRQ SURFHVV LV UHSUHVHQWHG DV D VHW RI
WUDQVIRUPDWLRQVfRIDFKLHYHPHQWV
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
ZLWK xL¶ GHQRWLQJ YHFWRU RI LWK VWXGHQW ILQDO
DFKLHYHPHQWV DQG a GHQRWHV DQ\ RI DVVXPHG M
WUDQVIRUPDWLRQV 2QH FRXUVH GRHV QRW JHQHUDOO\
FRUUHVSRQGWRRQHWUDQVIRUPDWLRQ%XWIRUVLPSOLFLW\ZH
DVVXPH VR LQ IXUWKHU WH[W 'HSHQGLQJ RQ GHILQLWLRQV RI
YHFWRUV¶FRPSRQHQWVVRPHDFKLHYHPHQWVEHFRPHVODUJHU
DV D UHVXOW RI WKH WUDQVIRUPDWLRQ ZKLOH VRPH EHFRPHV
VPDOOHU QHYHUWKHOHVV DOO FKDQJHV FRUUHVSRQG WR DQ
LPSURYHPHQWLQDFKLHYHPHQWV)RUVLPSOLFLW\IXUWKHULQ
WKH WH[W ZH DVVXPH WKDW DOO DFKLHYHPHQWV DUH SRVLWLYH
QXPEHUV GHILQHG LQ VXFK D ZD\ WKDW WKH LPSURYHPHQW
FRUUHVSRQGVWRLWVULVH)RUPDOO\ fVGHQRWHSURFHVVHVVR
WKHDGGLWLRQDOSDUDPHWHUVDUHQHHGHGLQRUGHUWRXQLTXHO\
GHILQHFKDQJHVLQWURGXFHGE\ faIRUDJLYHQVWXGHQW)RU
VLPSOLFLW\ ZH RPLW WKHVH SDUDPHWHUV IURP H[SUHVVLRQV
)RU VLPLODU UHDVRQV QRWLRQ RI WLPH LV VXSSUHVVHG
DOWKRXJKQDWXUDOO\DQ\RI WKH WUDQVIRUPDWLRQV faRFFXUV
JUDGXDOO\ GXULQJ D ILQLWH WLPH VXFK DV LV RQH RU PRUH
WHUPV%HIRUHSURFHHGLQJOHWXVUHPDUNWKDWDQLPSRUWDQW
SDUW RI WKHKLJKHU HGXFDWLRQSURFHVV LV UHSUHVHQWHG DV D
VHULHVRIWUDQVIRUPDWLRQVVRPHRIZKLFKDUHVHSDUDWHGLQ
WLPH ZKLOH RWKHU DUH DW OHDVW SDUWLDOO\ VLPXOWDQHRXVO\
FRQGXFWHG
/HDUQLQJRXWFRPHVDUHDWWULEXWHGWRDFKLHYHPHQWVDV
FRQGLWLRQV LPSRVHG WR ILQDO DFKLHYHPHQWV 5HJDUGLQJ
WKDWSRLQWZLWKLQDJURXSRIKHQUROOHGVWXGHQWVWKHUHLV
DYDULHW\LQRILQLWLDODVZHOODVRIILQDODFKLHYHPHQWV
xLDQGxL¶UHVSHFWLYHO\9DULHW\LQLQLWLDODFKLHYHPHQWVLV
D FRQVHTXHQFH RI ILQDO DFKLHYHPHQWV IURP SUHYLRXVO\
ILQLVKHG WUDQVIRUPDWLRQV DQG RI RQJRLQJ FKDQJHV LQ
DFKLHYHPHQWV EHFDXVH RI RWKHU VLPXOWDQHRXVO\
SHUIRUPHG WUDQVIRUPDWLRQV 7KH WKLUG DVVXPSWLRQ DERXW
WKH KLJKHU HGXFDWLRQ V\VWHP KHUH ILJXUHV DV D UDWKHU
LPSRUWDQW DVVXPSWLRQ VLQFH LW FKDQJHV WKH FKDUDFWHU RI
WUDQVIRUPDWLRQVfIURPSURFHVVHVWRVWDWHIXQFWLRQV
,Q JHQHUDO RQH OHDUQLQJ RXWFRPH FDQ FRQWULEXWH WR
VHYHUDO FRQGLWLRQV0RUHRYHU HDFK WUDQVIRUPDWLRQ GRHV
QRW KDYH WR FKDQJH DOO WKH DFKLHYHPHQWV 1HYHUWKHOHVV
IRU VLPSOLFLW\ RI WKH IRUPDOLVP SUHVHQWHG ZH DVVXPH
WKDW D VHSDUDWH OHDUQLQJ RXWFRPH La,j LV IRUPXODWHG IRU
HDFK DQG HYHU\ RI N DFKLHYHPHQWV IRU D JLYHQ
WUDQVIRUPDWLRQfaDVDPLQLPDODGPLVVLEOHYDOXHRIILQDO
DFKLHYHPHQWVRIVWXGHQWV LQYROYHG7KHVWDUWLQJSRLQW LV
WKHPLQLPDOYDOXHRIMWKDFKLHYHPHQWSRVVLEOHZLWKLQD
JURXSRIHQUROOHGVWXGHQWV
> @TNijiiaNi xxxf PLQ   
ZLWK QRWH WKDW WKH DVVXPHG ZD\V RI FKHFNLQJ WKHVH
DFKLHYHPHQWV DUH QRW UHJXODU H[DPV ([SUHVVLRQ 
JHQHUDOO\ LV RI GLIIHUHQW YDOXH IRU GLIIHUHQW JURXSV HJ
JHQHUDWLRQVRIHQUROOHGVWXGHQWV+RZHYHUZHOOGHILQHG
OHDUQLQJ RXWFRPHV VKRXOG PLQLPDOO\ GHSHQG RQ WKH
SDUWLFXODU JURXS RI HQUROOHG VWXGHQWV )ROORZLQJ WKH
DVVXPSWLRQ DERXW WKH VXIILFLHQW RYHUDOO TXDOLW\ RI WKH
KLJKHU HGXFDWLRQ SURFHVV ZH DVVXPH FRPSOHWH
LQGHSHQGHQFHRI OHDUQLQJRXWFRPHV IURPFKDUDFWHULVWLFV
RI D SDUWLFXODU JURXS RI HQUROOHG VWXGHQWV VR WKH
PLQLPXP LQ  LV WR EH HYDOXDWHG RQ WKH FRPSOHWH
GRPDLQRIWKHMWKDFKLHYHPHQW
> @TNijiiaxxxja xxxfL PLQ  PD[PLQ dd  
,I ZH FRQVLGHU H[SUHVVLRQ  WR UHSUHVHQW RQH
FRPSRQHQW RI D YHFWRU WKHQ RQH PD\ LQWURGXFH WKH
YHFWRURIOHDUQLQJRXWFRPHVIRUDJLYHQFODVV
PLQ xL
x aa
f  
DV HYDOXDWHG IRU WKH XQVSHFLILHG \HW UHDGLO\ IRUPXODWHG
GRPDLQRIWKHYHFWRURIDFKLHYHPHQWVx>@
([SUHVVLRQVEHORQJWRGHVFULELQJWKHFRQWH[W
'HVSLWH UHSUHVHQWLQJ FRQVWDQW WUDQVIRUPDWLRQV RI
VWXGHQWV¶ NQRZOHGJH VNLOOV DQG DWWLWXGHV WKHVH
H[SUHVVLRQV UHIHU WR WKH LGHDOLVHG VLWXDWLRQ RI OHDUQLQJ
RXWFRPHV EHLQJ LQGHSHQGHQW RI SDUWLFXODU VWXGHQWV¶
JHQHUDWLRQ DFKLHYHPHQWV 7KDW LV UDWKHU VWULQJHQW
DVVXPSWLRQ ZKLOH D PRUH UHDOLVWLF RQH LV WKDW OHDUQLQJ
RXWFRPHV GHSHQG RQ VRPH PHDVXUH RI DFKLHYHPHQWV
GHULYHGIURPWKHDFKLHYHPHQWVRIWKHJURXSVRIVWXGHQWV
HQUROOHG LQDJLYHQFODVVZLWKLQVHYHUDOJHQHUDWLRQV LH
XQGHUWDNLQJ WUDQVIRUPDWLRQ fa :H GHQRWH WKH
FRUUHVSRQGLQJ PHDVXUH DV Pa ,W FDQ EH DQ DYHUDJH RU
VRPHRWKHUVWDWLVWLFDOTXDQWLW\HYDOXDWHGRQWKHJURXSRI
VWXGHQWV LQYROYHG /HDUQLQJ RXWFRPH EDVHG RQ WKH
PHDVXUHPaLVGHQRWHGDVLDPDQGLWLVDQHVWLPDWHRIWKH
LGHDOOHDUQLQJRXWFRPH
/HDUQLQJ RXWFRPHV LDP DUH WLPHGHSHQGHQW 7KHLU
HYROXWLRQ LVREVHUYHG LQ VFDOHV FRQVLGHUDEO\ ODUJHU WKDQ
WKH UHSUHVHQWDWLYHDYHUDJHGXUDWLRQRI WUDQVIRUPDWLRQ fa
0HQWLRQLQJRIWKHWLPHGHSHQGHQFHPDUNVWKHHQGRIWKH
VWDWLF DQDO\VLV RI OHDUQLQJ RXWFRPHV DQG EHJLQQLQJ RI
WKHLUG\QDPLFDQDO\VLV'\QDPLFRIPHDVXUHVFRQVLVWVRI
+UYDWVNLNDWDORJ]QDQMDY HãWLQDLNRPSHWHQFLMD]DVWXGLMHVWURMDUVWYDSUHGGLSORPVNLGLSORPVNLL
GRNWRUVNLVWXGLMWHPHOMHQQDLVKRGLPDXþHQMD
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&URDWLDQ&DWDORJXHRINQRZOHGJHVNLOOVDQGFRPSHWHQFHVIRU0HFKDQLFDO(QJLQHHULQJVWXGLHV%DFKHORU0DVWHUDQG
'RFWRUDOVWXG\SURJUDPPHVEDVHGRQOHDUQLQJRXWFRPHV

JUDGXDO DQG VXGGHQ FKDQJHV 6XGGHQ FKDQJHV LQFOXGH
FUHDWLRQ DQQLKLODWLRQ EUDQFKLQJ RU ELQGLQJ RI OHDUQLQJ
REMHFWLYHVRULQW\SLFDOWHUPVWKHLULQWURGXFWLRQJURZWK
PDWXULW\ DQG GHFOLQH *UDGXDO FKDQJHV LQFOXGH
PRGLILFDWLRQV ZKLFK GR QRW FKDQJH WKH QXPEHU RI
OHDUQLQJ REMHFWLYHV 6LQFH OHDUQLQJ REMHFWLYHV DUH
TXDOLWDWLYH FDWHJRULFDO H[SUHVVLRQV WKHLU PRGLILFDWLRQV
DUHRIILQLWHDPRXQW/HWXVSUHVHQWVRPHW\SLFDOGHWDLOV
RISURFHVVHVEULQLQJDERXWPRGLILHGOHDUQLQJRXWFRPH$
PRGLILFDWLRQ 'LDP LV LQGXFHG E\ LPSOLFLW \HW
ORQJHUWHUPREVHUYHGGLVFUHSDQF\EHWZHHQWKHVWDWHGDQG
DFKLHYHG OHDUQLQJ REMHFWLYHV %HFDXVH RI VWDWHG
DVVXPSWLRQV DERXW WKH KLJKHU HGXFDWLRQ V\VWHP TXDOLW\
WKHPRGLILFDWLRQLVH[SHFWHGWREHVPDOOHQRXJKWREULQJ
DERXWWKHIROORZLQJOLQHDUUHODWLRQ
  
 PPP
aaaa c LLL  ' f  
ZLWK 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faL  UHSUHVHQWLQJ H[WUHPH YDOXH RI D OHDUQLQJ
RXWFRPH ZKLFK LV REWDLQHG DV\PSWRWLFDOO\ ZKLOH ca
PHDVXUHVDJHQHUDOLVHGIRUFHWKDWLQGXFHGWKHFKDQJHDQG
WKDW LV FRQVLGHUHG FRQVWDQW WKURXJKRXW WKH FKDQJH 6R
WUDQVIRUPDWLRQV GHWHUPLQH OHDUQLQJ RXWFRPHV \HW RQH
PXVW EHDU LQ PLQG WKDW OHDUQLQJ RXWFRPHV VHUYH DV D
EDVLVIRUIRUPXODWLQJWKHWUDQVIRUPDWLRQV7KHUHLVWKXVD
IHHGEDFN EHWZHHQ D OHDUQLQJ RXWFRPH DQG D
WUDQVIRUPDWLRQ UHODWHG WR LW WKH SDUW RI ZKLFK LV QRW
FRQVLGHUHG KHUH H[SOLFLWO\ /HDUQLQJ RXWFRPHVLDP DUH
HYDOXDWHGEDVHGRQWKHPHDVXUHGDFKLHYHPHQWVRIJURXS
RIHQUROOHGVWXGHQWV ,Q WKDWVHQVHFKDQJH LVDOVR WR
EHPHDVXUHGRQWKHJURXSRIHQUROOHGVWXGHQWV
%RWK  DQG  LPSO\ LQIRUPDWLRQ WUDQVIHU ZKLFK
UHDOLVHVWKHWUDQVIRUPDWLRQfa2QHPD\JHQHUDOO\H[SHFW
WKDW ZLWKLQ D JURXS RI HQUROOHG VWXGHQWV DOO SRVVLEOH
OHYHOVRIDFKLHYHPHQWVZLOOEHUHDOLVHG\HWZLWKGLIIHUHQW
IUHTXHQF\:HXWLOLVH LQIRUPDWLRQHQWURS\DVDPHDVXUH
RI LQIRUPDWLRQ FRQWHQWRI DFKLHYHPHQWVRI WKHJURXSRI
HQUROOHGVWXGHQWV,WLVLPSRUWDQWWRQRWHWKDWLQIRUPDWLRQ
HQWURS\ LV LQWHUSUHWHG DV D PHDVXUH RI XQFHUWDLQW\ RI
LQIRUPDWLRQ FRQWHQW ZLWKLQ WKH JURXS RI HQUROOHG
VWXGHQWV%XWLWVLQLWLDOYDOXHLVDVVXPHGVPDOOHUWKDQLWV
ILQDO YDOXH 7KDW LV EHFDXVH LQLWLDOO\ WKH VWXGHQWV DUH
H[SHFWHGWRKDYHUDWKHUORZDFKLHYHPHQWVx7KHUHH[LVWV
FHUWDLQ YDULDELOLW\ DPRQJ LQLWLDO VWXGHQWV¶ DFKLHYHPHQWV
EXWLVORFDOLVHGZLWKLQDUDWKHUVPDOOLQWHUYDODURXQGORZ
LQLWLDO YDOXH $IWHU WUDQVIRUPDWLRQ fa WKH DFKLHYHPHQWV
DUHJHQHUDOO\ ODUJHU:KHQPHDVXUHGWHVWHG WKH\VSDQ
FRQVLGHUDEO\ ODUJHU LQWHUYDO VR WKH XQFHUWDLQW\ RI
DFKLHYHPHQW RI VRPH VWXGHQW DV TXDQWLILHG XVLQJ
LQIRUPDWLRQ HQWURS\ LV UDWKHU ODUJH ,W PDUNV WKH
HQODUJHPHQWRIFRUUHVSRQGLQJLQIRUPDWLRQFRQWHQWRIWKH
JURXS RI HQUROOHG VWXGHQWV 7KDW LV LQ DFFRUGDQFH ZLWK
SUHYLRXVO\ LQWURGXFHG VLPSOLILFDWLRQ WKDW WUDQVIRUPDWLRQ
EULQJV DERXW RQO\ WKH ULVH LQ DFKLHYHPHQWV
*HQHUDOLVDWLRQRIWKDWDSSURDFKWRWKHRQHLQZKLFKVRPH
DFKLHYHPHQWV DUH ORZHUHG EULQJV DERXW FRQYHUVHO\
ORZHULQJ WKH XQFHUWDLQW\ LQ SRVVLEOH YDOXH RI ILQDO
DFKLHYHPHQWV RI VRPH VWXGHQW ZLWKLQ WKH JURXS RI
HQUROOHGVWXGHQWV.QRZOHGJHDQGVNLOOVDUHDFKLHYDEOHV
WKH XQFHUWDLQWLHV RI ZKLFK ULVH EHFDXVH RI D
WUDQVIRUPDWLRQ ZKLOH DWWLWXGHV DUH DFKLHYDEOHV WKH
XQFHUWDLQW\ RI ZKLFK EHFRPHV VPDOOHU EHFDXVH RI D
WUDQVIRUPDWLRQ
7UDQVIHU RI LQIRUPDWLRQ LPSOLHV WKDW VWXGHQWV
DFKLHYHPHQW RI VNLOOV NQRZOHGJH DQG DWWLWXGHV KDV
FKDQJHG ,Q IDFW WKH YHU\ FKDQJH LV LQGLFDWRU RI DQ
LQIRUPDWLRQWUDQVIHU2WKHUZLVHZHVSHDNRILQIRUPDWLRQ
HPLVVLRQV ZKLFK GR QRW QHFHVVDU\ LPSO\ DGRSWLQJ RI
SLHFHVRILQIRUPDWLRQE\VWXGHQWV,IWKHSUREDELOLW\px
GHQRWHV WKDW VWXGHQW JURXS DGRSWHG VRPH LQIRUPDWLRQ
FRQWHQW DQG KDV DFKLHYHPHQW x WKH FRUUHVSRQGLQJ
LQIRUPDWLRQHQWURS\LV
¦ 
x
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ZLWKXWLOLVHGGXDO ORJDULWKP OG{ ORJ7KH VXP
LQ  LV WUDQVIRUPHG LQWR LQWHJUDO IRU FRPSRQHQWV RI
DFKLHYHPHQWVxPHDVXUHGRQ D FRQWLQXRXV VFDOH ,Q WKH
UHDOLVWLF FDVHRIPHDVXUHVRI OHDUQLQJRXWFRPHVPa RQH
PD\ DUJXH WKDW WKH FRQGLWLRQDO HQWURS\ UHSUHVHQWV ZHOO
WKHHIIHFWRIWUDQVIRUPDWLRQfaRQWRWKHLQYROYHGVWXGHQWV¶
DFKLHYHPHQWV IURP WKH YLHZSRLQW RI WUDQVIHUUHG
LQIRUPDWLRQ
¦ 
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ZLWK pax¶ x EHLQJ WKH SUREDELOLW\ WKDW ERWK WKH
LQLWLDO DFKLHYHPHQW HTXDOVx DQG ILQDOx¶ ,Q LGHDO FDVH
ZKHQ OHDUQLQJ RXWFRPHV LDP WUDQVIRUP LQWR LGHDO
OHDUQLQJRXWFRPHVLDPXWXDOHQWURS\ LV LQGHSHQGHQWRI
WKHLQLWLDODFKLHYHPHQWVx,WKXVEHFRPHVHTXDOWR
*HQHUDOLVHG IRUFHV ca IURP  DUH H[WHUQDOO\
GHILQHG DQG G\QDPLFV RI OHDUQLQJ RXWFRPHV FDQQRW
FKDQJHWKHPH[SOLFLWO\2QHPD\DUJXHWKDWWKHVHIRUFHV
DUHGHWHUPLQHGE\PDQDJHPHQWRQWKHEDVLVRIREVHUYHG
G\QDPLFV RI OHDUQLQJ RXWFRPHV VR LQ VRPH DJJUHJDWHG
ZD\ HYHQWXDOO\ OHDUQLQJ RXWFRPHV SDUWLDOO\ GHWHUPLQH
JHQHUDOLVHG IRUFHV 7KDW LV H[SHFWHG WR EH UHDOLVHG RQ
WLPH VFDOHV FRQVLGHUDEO\ ORQJHU WKDQ FKDUDFWHULVWLF WLPH
VFDOH RI OHDUQLQJ RXWFRPH G\QDPLFV ZKLFK LV ZK\ ZH
FRQVLGHUJHQHUDOLVHGIRUFHVcaDVLQGHSHQGHQWRQOHDUQLQJ
RXWFRPHV %HFDXVH RI IL[HG ca H[WHQGLQJ OLIHVSDQ RI D
OHDUQLQJ RXWFRPH LV EDVHG RQ DQDO\VLV RI  DQG 
/LIHVSDQLVPD[LPDOLIULJKWKDQGVLGHRILVVPDOOHVW
ZKLFK LV LQ D QRQWULYLDO ZD\ SRVVLEOH IRU UHDOLVWLFDOO\
IRXQGHG DVV\PSWRWLF OHDUQLQJ RXWFRPHV  
P
faL  ,Q
DGGLWLRQWRWKDWIURPRQHH[SHFWVWKDWODUJHUOHDUQLQJ
RXWFRPHVDUHSRVVLEOHLQFDVHRIDZHOOIRUPHGJURXSRI
HQUROOHGVWXGHQWLHDJURXSFRQVLVWLQJRIVWXGHQWVZKR
DUH PRWLYDWHG DQG ZKR KDYH EHHQ DFTXDLQWHG ZLWK
OHDUQLQJ RI D JLYHQ FODVV LQ DGYDQFH 7KDW LV DFKLHYHG
ZLWK VXIILFLHQW LQIRUPDWLRQ DYDLODEOH DERXW VWXG\
SURJUDPPHV&RQVHTXHQFHVRIPRGLILFDWLRQVRIOHDUQLQJ
RXWFRPHV DQG DFFRPSDQ\LQJ FRXUVH SUDFWLFHV FDQ EH
IROORZHG WKURXJK FKDQJHV LQ DFFRPSDQLHG LQIRUPDWLRQ
HQWURS\  /HW DV DVVXPH WKDW SULRU WR FKDQJHV LQ
OHDUQLQJRXWFRPHVLQIRUPDWLRQHQWURS\ZDVHYDOXDWHGIRU
D UDWKHU EURDG UDQJH RI DFKLHYHPHQWVx¶0RGLILFDWLRQV
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RIOHDUQLQJRXWFRPHVLVH[SHFWHGWREULQJDERXWORZHULQJ
RI LQIRUPDWLRQ HQWURS\  LQ WZR ZD\V )LUVW
PRGLILFDWLRQV RI OHDUQLQJ RXWFRPHV 'LDP FDQ LQGXFH
FKDQJHV LQ WUDQVIRUPDWLRQV fa WKDW ULVHV PLQLPDO
DFKLHYHPHQWVRI HQUROOHG VWXGHQWV ,Q WKDWZD\ LQWHUYDO
RI DFKLHYHPHQWV EHFRPHV VPDOOHU VDPH DV XQFHUWDLQW\
DWWULEXWHG WR WHVWLQJ RI DFKLHYHPHQWV WKH LQIRUPDWLRQ
HQWURS\6HFRQGO\PRGLILFDWLRQVPD\OHDYHWKHLQWHUYDOV
RI DFKLHYHPHQWV XQWRXFKHG EXW EULQJ DERXW FKDQJHV LQ
RYHUDOO GLVWULEXWLRQ RI DFKLHYHPHQWV px¶ LQ D ZD\
ZKLFKDJDLQORZHUVLQIRUPDWLRQHQWURS\7KHPHDQLQJRI
WKH ODWHU FKDQJH LV WKDW GLVWULEXWLRQ RI DFKLHYHPHQWV
EHFRPHV PRUH FHQWUHG DURXQG VRPH GHILQLWH YDOXH RI
DFKLHYHPHQWV LGHDOO\ WKHLU PD[LPXP +RZHYHU RQH
PD\ QRW UHO\ VROHO\ RQ  LQ RUGHU WR DQDO\VH
FRQVHTXHQFHV RI LQWURGXFHG PRGLILFDWLRQV RI OHDUQLQJ
RXWFRPHV DV LQIRUPDWLRQ HQWURS\ PD\ EHFRPH ORZHU
EHFDXVH RI D GHJUDGDWLRQ RI HGXFDWLRQ SURFHVV (J LW
EHFRPHV ORZHU LQ FDVH ZKHQ PD[LPDO DFKLHYHPHQW
EHFRPHV VPDOOHU7KDW VLWXDWLRQ LV VLPLODU WR WKHRQHRI
PDNLQJ ODUJHU WKH PLQLPDO DFKLHYHPHQW LQ WKDW ERWK
FKDQJHV DUH DWWULEXWHG WR UHGXFLQJ WKH LQWHUYDO RI
DFKLHYHPHQWV
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PRUH RU OHVV MXVWLILHV UHVRXUFHV LQYROYHG LQ IRUPXODWLQJ
WKHP:HIRUPDOLVHGWKHG\QDPLFVRIOHDUQLQJRXWFRPHV
)URP GHYHORSHG IRUPDOLVP ZH FRQFOXGHG DERXW WKH
SRVVLELOLW\IRUH[WHQGLQJWKHOLIHVSDQRIRQFHHVWDEOLVKHG
OHDUQLQJRXWFRPH
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